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57 ABSTRACT 
A process for producing a glass product having An, the 
difference between the central and peripheral portions 
of the glass, greater than 0.04. This process utilizes a 
porous glass body which is produced via a phase separa 
tion technique. A dopant selected from the group con 
sisting of (1) TINO3, (2) TlNO3 and an alkali metal 
compound and (3) TINO3, Pb(NO3)2 and an alkali metal 
compound is then permeated into the micropores of the 
porous glass product. A concentration gradient of the 
dopant is then formed by leaching out a portion of the 
dopant from the micropores. After the dopant is solidi 
fied in the mircopores, the porous glass product is dried. 
A heat-treatment step then serves to collapse the micro 
pores. A glass product having a gradient of refractive 
indices is therby obtained. 

9 Claims, No Drawings 
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PROCESS FOR PRODUCING GLASS PRODUCT 
HAVING GRADENT OF REFRACTIVE INDEX 

This is a continuation, of application Ser. No. 
488,809, filed Apr. 26, 1983, now U.S. Pat. No. 
4,525,189. 

FIELD OF THE INVENTION 

The present invention relates to a process for produc 
ing a glass product having a gradient of refractive indi 
ces which can be used as a material (preform) for optical 
transmission fibers or as a material for rod lenses. 

BACKGROUND OF THE INVENTION 

A molecular stuffing method is known as a process 
for producing a glass product having a gradient of re 
fractive indices, in which a porous glass is used and its 
pores are filled with dopants (refractive index correc 
tion components). 

Japanese Patent Application (OPI) No. 126207/76 
(the term "OPI' as used herein refers to a "published 
unexamined Japanese patent application'), laid opened 
on Nov. 1, 1976, describes a process for producing a 
glass product having a gradient of refractive indices by 
the molecular stuffing method, as well as a process for 
producing a porous glass. According to the process, a 
borosilicate glass is subjected to a heat treatment at a 
prescribed condition to separate it into an SiO2-rich 
phase and an alkali metal oxide and B2O3-rich phase 
(phase separation). The glass is then treated with an 
aqueous solution containing an acid such as hydrochlo 
ric acid, sulfuric acid, or nitric acid, to leach the alkali 
metal oxide and B2O3-rich acid-soluble phase, thereby 
forming a porous glass having continuous micropores 
which has the SiO2-rich phase as a skeleton. After al 
lowing a solution of dopants to permeate into the micro 
pores present in the porous glass thus prepared (stuff 
ing), a part of the dopants is leached out from the out 
side of the glass product (unstuffing) to form a gradient 
of dopant concentration. The dopants are then solidified 
in the pores and the glass product is dried and subjected 
to a heat treatment to collapse the micropores, thereby 
obtaining a glass product having a gradient of refractive 
indices. Oxides, nitrates, carbonates, acetates, phos 
phates, borates, arsenates and silicates of alkali metals, 
alkaline earth metals, boron, aluminum, lead, phospho 
rus, and the like are described as examples of dopant. 
A transparent glass product having a gradient of 

refraction is used as rod microlenses for microlens ar 
rays, pickup lenses for optical video or audio disks, and 
the like. Rod microlenses used for rod microlens arrays 
of copying machines must have a An (difference of 
refractive index between central and peripheral por 
tions of the lens) of only from about 0.007 to about 
0.008. Therefore, the glass product obtained by the 
molecular stuffing method can sufficiently meet the 
requirement. However, lens arrays for facsimile and 
lens arrays for LED printers which are required to have 
a large numerical aperture and which are bright must 
have a An value exceeding 0.04 to 0.03, respectively. 
Therefore, a glass product satisfying this requirement 
cannot be obtained by merely utilizing the molecular 
stuffing method. 

In order to increase the An by the molecular stuffing 
method, the concentration of dopants in the stuffing 
solution must be increased or a dopant having a high 
refractive index must be used. However, the concentra 
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2 
tion of dopants in the stuffing solution cannot be in 
creased infinitely due to the limit of their solubility. For 
example, CsNO3, which is often used as a dopant, has a 
solubility at 100 C. of at most 200 g/100 ml H2O. Ac 
cordingly, even if a saturated solution of CsNO3 is used 
as a stuffing solution, no significant effect can be ex 
pected to increase the An. In fact, Japanese Patent Ap 
plication (OPI) No. 126207/76 shows examples which 
produce a glass product having a gradient of refractive 
indices by stuffing a CsNO3 aqueous solution containing 
120g of CsNO3 per 100 ml of water at a temperature of 
95 C. wherein the maximum value for An is merely 
0.031. A glass product having such a An value cannot be 
used in lens arrays for facsimile machines. 

Regarding the use of dopants having a high refractive 
index, viz., dopants other than alkali metal compounds, 
even if those can be used for stuffing into the pores in a 
porous glass product, such dopants tend to react with 
the glass during heat treatment of the porous glass prod 
uct, thereby making the glass product unstable. For 
example, Pb(NO3)2 is known as a dopant to increase the 
refractive index and has a solubility of about 130 g/100 
ml H2O at 100° C. Even if this is used for the stuffing of 
a porous glass, the porous glass becomes unstable dur 
ing the heat treatment and a transparent glass product is 
hardly obtained. Accordingly, when a dopant having a 
high refractive index is used, the amount used thereof 
must be limited to the range where a transparent glass 
product can be obtained. In the case of Pb(NO3)2, the 
concentration of the stuffing solution is at most about 40 
g/100 ml H2O and even if the stuffing is conducted with 
Such a concentration, the refractive index at the central 
portion of the resulting glass product is at best 1.465, as 
is described in Japanese Patent Application (OPI) No. 
126207/76. 

SUMMARY OF THE INVENTION 
It has been found that a glass product having a large 

gradient of refractive indices can be obtained by using 
thallium nitrate (TINO3) as a dopant in the molecular 
stuffing method due to its high solubility in water. 

It has also been found that the production of a white 
turbid, opaque glass product due to the use of thallium 
can be effectively prevented by the use of an alkali 
metal compound in combination with TNO3 even if a 
large amount of a thallium component is present in a 
glass product. 

It has been further found that TINO3 can be used 
together with Pb(NO3)2 which is conventionally known 
as a dopant for increasing a refractive index. 

Accordingly, an object of the present invention is to 
provide a method of producing a glass product having 
a gradient of refractive indices which comprises the 
steps of: 

stuffing a solution of a dopant selected from the 
group consisting of (1) TlNO3, (2) TNO3 and an 
alkali metal compound, and (3) TlNO3, Pb(NO3)2 
and an alkali metal compound into micropores of a 
porous glass product; 

unstuffing a part of the dopant in the micropores with 
or without solidifying the dopant in the micropores 
to form a prescribed gradient of refractive indices 
in the porous glass product; 

solidifying the dopant in the micropores; 
drying the porous glass product; and 
heat treating the porous glass product to collapse the 

micropores. 
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DETALED DESCRIPTION OF THE 
INVENTION 

TlNO3 has an extremely high solubility in water. As 
a result, where TlNO3 is used as a dopant, TlNO3 can be 
stuffed in a porous glass product in a high concentra 
tion. However, where TlNO3 is used alone as a dopant, 
if the solution having a high concentration of more than 
80 g/100 ml H2O is stuffed, the glass becomes white 
turbid during the heat treatment and a transparent 
product cannot be obtained. Therefore, when TINO3 is 
used alone as a dopant, the amount (concentration) of 
TINO3 is 80 g/100 ml H2O or less, preferably 60 to 80 
g/100 ml H2O. 
On the other hand, where TENO3 is used together 

with an alkali metal compound such as CSNO3 as a 
dopant, even if TINO3 is stuffed in a high concentration, 
it is possible to effectively prevent the glass product 
from becoming white turbid and opaque and a transpar 
ent glass product can be obtained. When TINO3 is used 
together with an alkali metal compound, the amount of 
TINO3 is preferably 100 to 400 g/100 ml H2O, and the 
amount of the alkali metal compound is 20 g/100 ml 
H2O or more, preferably 100 to 200 g/100 ml H2O. 

Further, where TINO3 is used together with 
Pb(NO3)2 and an alkali metal compound such as CsNO3 
as a dopant, it is also possible to effectively prevent the 
glass product from becoming white turbid and opaque, 
and a transparent glass product can be obtained. When 
TINO3 is used together with Pb(NO3)2 and the alkali 
metal compound, the amount of TNO3 is preferably 
100 to 400 g/100 ml H2O, the amount of Pb(NO3)2 is 20 
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4. 
thereto. Unless otherwise indicated, all percents are by 
weight. 

EXAMPLES 

A glass composed of 54.50% SiO2, 34.30% B2O3, 
5.20% Na2O and 6.00% K2O was melted at 1,450° C. 
for 3 hours while stirring it about 1 hour during melting. 
The molten glass was casted into a mold, maintained at 
580 C. for 1 hour, and gradually cooled in a furnace to 
give a glass block. A glass rod having a diameter of 3 
mm and a length of 60 mm was produced by cutting the 
block and was subjected to a heat treatment at a temper 
ature of 540° C. for 120 hours to cause a phase separa 
tion. The resulting phase-separated rod was treated in 
1.5N H2SO4 aqueous solution at 100 C. for 12 to 24 
hours to give a porous glass rod. 
The porous glass rod was immersed in an aqueous 

solution containing 120g of CsNO3 and 200g of TINO3 
per 100 ml of water at 100° C. for 24 hours to effect 
stuffing, and then immersed in an ethanol aqueous solu 
tion (40% by volume) at 70° C. for 20 minutes to effect 
unstuffing. The thus treated rod was immersed in a 
methanol solution at 0° C. for 2 hours to solidify the 
dopant in the micropores and dried in a desiccator for 2 
hours. Thereafter, the rod was maintained at 920 C. for 
6 hours and the micropores were collapsed to obtain a 
transparent glass product. 
The above procedures were followed except that the 

type and amount of the dopant were changed as shown 
in the table below to obtain glass rods. The refractive 
index of each glass rod was measured. 
The results obtained are shown in the table below. 

TABLE 

Amount of Dopant 
Refractive Index 

CsNO3 Pb(NO3)2 TNO3 Central Peripheral 
(g) (g) (g) Portion Portion Appearance 
120 200 530 1463 Transparent 

80 496 1463 f 
w 100 500 463 White turbid 

120 00 512 1463 Transparent 
120 100 OO 1536 463 f 
200 OO 1.524 1463 f 
120 m 300 548 .463 
200 400 .569 1463 Af 
190 --a 1.486 1.464 Transparent 

70 am- White turbid 

40 1.465 o Transparent 

g/100 ml H2O or more, preferably 80 to 120 g/100 ml 
H2O, and the amount of the alkali metal compound is 20 
g/100 ml H2O or more, preferably 100 to 200 g/100 ml 
H2O. 

Further, examples of the alkali metal compound 
which can be used in combination with TINO3 in the 
present invention include, for example, nitrates, and 
carbonates, of Na, and K. 

Examples of the solvent which dissolves the dopant 
according to the invention include water, an organic 
solvent such as methanol or ethanol, or a mixture of the 
organic solvent and water. 
Any solvent which can be used as the solvent for the 

dopant can be used for the unstuffing. 
The present invention is described in greater detail by 

reference to the following examples although the pres 
ent invention is not to be construed as being limited 

55 

60 

65 

While the invention has been described in detail and 
with reference to specific embodiments thereof, it will 
be apparent to one skilled in the art that various changes 
and modifications can be made therein without depart 
ing from the spirit and scope thereof. 
What is claimed as new and desired to be secured by 

Letters Patent of the United States is: 
1. A process for producing a glass product having a 

gradient of refractive indices and transparent without 
turbidity which comprises: 

(a) producing a porous glass body by: 
(1) heating a glass body to effectuate a phase sepa 

ration; 
(2) leaching out the acid-soluble phase from said 

glass body; and then 
(3) recovering therefrom the porous glass body; 



4,640,699 
5 

(b) premeating a solution of dopant into the micro 
pores of said porous glass product wherein said 
dopant is selected from the group consistin of (1) 
TINO3, the concentration of TINO3 in the dopant 
solution being about 80 g/100 ml of H2O or less, (2) 
TlNO3 and an alkali metal compound, the concen 
tration of TINO3 in the dopant solution being about 
100 to 400 g/100 ml of H2O, and (3) TINO3, 
Pb(NO3)2 and an alkali metal compound, the con 
centration of TINO3 in the dopant solution being 
about 100 to 400 g/100 ml of H2O, 

(c) leaching out a portion of the dopant from the 
micropores with or without solidifying the dopant 
in the micropores to form a concentration gradient 
of the dopant in said porous glass product; 

(d) solidifying the dopant in the micropores, 
(e) drying the porous glass product, 
(f) heat treating said porous glass product to collapse 

the micropores, and 
(g) recovering a glass having An greater than 0.04 

wherein An is the difference between the central 
and peripheral portions of the glass. 

2. The process of claim 1, wherein the alkali metal 
compound is CsNO3. 

3. The process of claim 1, wherein a solvent for the 
dopant is selected from the group consisting of water, 
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6 
an organic solvent, and a mixture of water and organic 
solvent. 

4. The process of claim3, wherein when the dopant is 
(1) TINO3, the concentration of TINO3 in the dopant 
solution is about 80 g/100 ml of H2O or less. 

5. The process of claim 1, wherein the concentration 
of TINO3 in the dopant solution is about 60 to 80 g/100 
ml of H2O. 

6. The process of claim 3, wherein when the dopant is 
(2) TINO3 and an alkali metal compound, the concen 
tration of TINO3 in the dopant solution is about 100 to 
400 g/100 ml of H2O and the concentration of said 
alkali metal compound is about 20 g/100 ml of H2O or 
greater. 

7. The process of claim 6, wherein the concentration 
of said alkali metal compound is about 100 to 200 g/100 
ml of H2O. 

8. The process of claim 3, wherein when the dopant is 
(3) TlNO3, Pb(NO3)2 and an alkali metal compound, the 
concentration of TlNO3 in the dopant solution is about 
100 to 400 g/100 ml of H2O, the concentration of said 
Pb(NO3)2 is about 20 g/100 ml of H2O or greater, and 
the concentration of said alkali metal compound is 
about 20 g/100 ml of H2O or greater. 

9. The process of claim 8, wherein the concentration 
of said Pb(NO3)2 is about 80 to 120 g/100 ml of H2O, 
and the concentration of said alkali metal compound is 
about 100 to 200 g/100 ml of H2O. 

as 


